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COMPLETE SPECIJICATION 

.Starch Product of Improved Properties and Method of 
Making the same 



%™^^™™g*™**& under the law* of 
State of Delaware on* of in* United 
^ States of of m Madison 

m Avenue City of Few York, 8&le of New 
X-ork, ■ Tilted States «f Am«xica, ao 
hereby deolare the invention, far which 
we prav &at a patent may he granted to 
ia ™ ttw«wa by vtidx ft is to be 

iw performed, te be particularly described 
la ? py the fallowing statement :— 

invention relates to tke production 
of starch products of improved properties. 
Here apauiedly, it relates Vfre treai- 
io inent of etarones whereby they attain 
greater Viscosity (U* water absorptive 
powers), greater clarity of the cooked 
. pastes, create* resistance to gelling of 
the pastes upon cooling, and lowered 
30 gelatinization point, as compared -to the 
ccrceapondxn^ untreated starch material 
The'&nproved properties set forth abcrve 
are of particular importance in the manu- 
facture of adheeives, the nee of starch as 
a tlnck«&iag~ agent in foods and the 
i&bnqation 0 f certain types of textiles 
and papars. Of particular ritomcanco 
txom the standpoint of industrial utUiz- 
afton is the fact ths* such starches, when 
cooked in the presence b£ aoid* or ealte, 
show inariedly less, lose ol .their vkeowty 
and clarity than do the ' corresponding 
untreated starches. " " * • - - 
€ li is the prime ohjeet of the present 
invention to produce' starch ' derivatrvee 
having the above properties and ;to devise 
a method fox ready" prdductibn oi 
said products. Other object will become 
apparent from "the ensuing' specincatSon. 
. . ^ this specification the term r * etaich ?' 
wclude^st&xA'iiitoi any source, euoh as 
corn> wheat, potato, tapioca, waxy-maiee,. 
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^p, sweet potato and the lile, and also 
st^ches whjch have been inverted! 
either by acid hydrolysis, aridrt^TS 
other means. 

"Wm >7e discoverad ftat etarci 
dermtma of tfcese and other improved 
properties ol coromercial importance may 

i J 0 " Paction Of W- 

gelaWed rtaiei derivativea coxrfainina 

be. effected, ejihex V reacting raw starch 
-witl suitable ^agents orby reacting 
«rto™to»iea, TOgelatimzed etaxoE 65 
jtoivafavea twtk a chemical oont&ining 
tbe mlfomc acid group, snot as a MsuHte 

i A'-™^'" 4, improved -on-, 
gulafcxased starol. derivative «£ *liei 
present invention is enara&erized by con- 00 
t&rong » siilfohio aoid group. ■ 

Wfcea. iiaisatiirated " itngtdatinised 
fftaxcfc derivatives - are employed, the 
starch. ^tttraKon -ie caused by an 
etfey W doable Bond as ehovni diagram- 85 

wherein B may he -JOG— , -^odcHr- 

t^°I* ^.-rOSH^, and wherein, if 
both ^ and B, are hydxogen^.lR.mxlai be 
a member of the first gf otrp consisting of 

carbaBryl radicals; addif either fi, or 3fc a 
or Doth are members of the second group 
consisting <>r foranyl, c»yand, earboxy, 
aUryl, aryl and snRstituted alky! and 
aryi radical^ then R» must be hydrogen 
or % niember of the 'secondr group. An 
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_ example of the first type of derivative in 
whioh both and are hydrogen is the 
tapioca starch ester of itaconic acid (see 
. \ Example Ym). v 
& An example of the type of derivative in 
which hoth Bj and B, are not hydrogen 
is the potato atarch ester of cdtraconio 
acid (flafi Ikamule HO- Examples of the 
type of derivative in which only one of 

10 the radicals and B* are not hydrogen 
are the com starch ester of maleio acid in 
whJoh either E a or E, is a carboxy radical 
(see Example I) and the tapioca starch, 
ester of arotanio acid in which either BL 

16 or B. fa An aliyl radical (see Example H)7 
In all of these examples, in which either 
E» or Bss or both are not hydrogen, is 
hydrogen, but this is not essential to the 
carrying out of the invention. To put the 

20 matter in another way, if Rjie not one of 
the radicals of the first group, but instead 
may l>e hydrogen, then either or E* or 
both must be a member of the second 
group. 

25 It will be noted that we.ha.ve excluded 
that type of unsaturated derivative in 
'which fi, and B> are hydrogen and is 
not a radical chosen from the first group. 
We have found that the use of this latter 

80 type of unsaturated derivative produces a 
completely different type of product from 
that of the present invention. 1 

Various derivatives of storcl may be 
reacted with bisulfite for the purposes of 

35 thia invention. Among the suitable starch 
derivatives .into which sulfonic ' acid 
groups may be introduced are," for 
example, certain of the starch esiesce .pre- 
pared" by treating starch" in aqueous'sus- 

40 pension with alkali and with anhydrides 
of organic acids containing double bond*, 
sueE asjte ai^hydrides ox mjaleio, cifara- 
coiiio, itacoulo an^ crotonii acids It id to 
be understood, however, that tike practice 

45 of the invention is not limited to starch 
derivatives made by any particular 
method, the. only limiting factor "being 
that the starch derivative? treated must 
contain unsaturated radicals of the type 

50 described, the unsaturation being due to 
the presence of an ethylene double bond. 
. . The treatment of ^ unsaturated starch 
derivatives with bisulfite^ according to 
our invention, can be carried out in 

56 aqueous suspension! . it temperatures 
below the gela&aisatioiL . temperature of 
the starch or starchi derivative. This makes 
it possible to filter and wash the n&ultant 
starch product*—** fact of conedderable 
60 importance jn tie i^dusijial .application 
of this process. . ' 

Although m dealing with complex re* 
actions of the type under discussion, 
analysis of the molecular changes 
° 5 involved cannot he carried out with 



absolute precision, it is believed that the 
action of the bisulfite such as eodium 
bisulfite on the unsaturated staruh 
derivative causes a saturation of the 
derivative by the attachment of the 
bisulfite group to one of the unsaturated 
carbon atoms on the chain. Thus, if the 
corn starch ester of maleio acid, 
wJuch has the general form starch 
-~0— C—C«C— COOH, is appropriately 
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reacted with sodium bisulfite, tHe result- 
ant starch derivative will, it is believed, 
exhibit the molecular structure starch- 
-^C-^O-^^OH. Wlule the 

sulfonic acid group is here illustrated as fiQ 
being attached to the alpha carbon of the 
free carho*yl group, it might instead be 
attached to the beta carbon of the free 
carboxyl group. 

It should be noted that the various 85 
unsaturated starch derivatives which we 
emplov have been so treated that the 

franule structure of the starch has not 
een destroyed, and the substitution of the 
hydroxyl groups has probably taken place 90 
on the surface of the granule. According 
to the process of the present invention, 
the unbroken granule of the stdroh is 
retained; in other words, the addition of _ 
the sulfonic acid groups probably takes ™ 
place with unsaturated groups on the 
surface of the granule, and again, there 
is, therefore, a relatively lew degree of 
substitution. 

Although, as * stated above, the 
bisulfite addition can take place in 
aoueous suspension, it has been found 
that the addition of the sulfonic acid 
group to the unsaturated" radical also 
takes place readily if the* * unsaturated 103 
starch derivative is refluxed inethaubl or 
other non-aqueous media, in the presence 
of bisulfite. This is especially true of the 
treatment of the itacoriic acid ester of 
starch, with .bisulfite.* It is understood,*^ 
of course, that starch will not gelatinise 
in the absence of substantial proportions 
of water, and therefore, thia* alcohol- 
refluising method has the same advantages 
as the aqueous method, namely, it results 116 
in an un^atinLsed, washable, filteraWe " 
product* 

As has already" been set forth," it is 
possible "to form an ung^atrnized starch 
granule cWaining sulfonic add groupfi, 120 
which granule torrespoixds to the 
molecular structure previously set "foith; 
b?-"utiliying raw" starch (that isi starch 
which does not contain the unsaturated . 
radicals)* This ungelatinized raw starch «• 
treated with alkali and wrfti 
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a com^und" of " Cfcua grau^j apeci- 
iied which ammdns both a sul- 
lonio acid group Mid a -group capable 
r ?C ^^s* ™& tlie hydrosyi groups in 
& the starch to, pxcduoa starch ethers or 
eaters. The said compounds, which com- 
bine the f unctions of eihex-f ojmation and 
sulfonic awl addition are ehloromethylo- 
m ^ tu ?**° a cia (CaCJH^CHOHCHiSOaH), 
10 benzyl chloride para-Bulimic acid 



», ^-unsaturated olefin* sulfonic acids 
such as* ethene sulfonic acid 
(OH 4 i«OHSO s HJ, and salts, of said adds. 

1 & Thus, there tesTjiferaai eth&ror ester deri- 
vative of starch which contains sulfonic 
^cid groups. In ofder W <*wse flubatan- 
tlal reaction, of these acids mth starch, 
it has been found that rather high con- 

20 centr&tiono of alkali are ordinarily advis- 
able, Ij has already been explained that 
gelatinmtion of the starch ia to be 
avoided, and aince this high alkali eon- 
tent would ordinarily cause gelatinistion 

2-3 of the staroh granges, it is advisable to 
suspend the starch in a concentrated 
sodium sulfate solution before addition oi 
the alkali and the* subsequent addition of 
the ether or ester-foimins derivative* 

30 The sodium sulfate 'prevents : ^latinisaA 
tion of the starch in iha presence of thei 
high alkali concentrations needed for this 
reaction- This anti-gelatiittzaticm effect da 
apparent even at temperatures up to 10O* 

35 0* Of course, it is ipasible to uBe lower 
quantities of alkali str as to avoid geliw 
tiniyation, snaking unnecessary tike use of 
sodium sulfate, but a considerably lower 
degree of subsfitufcn results, 

40 It wJH be aeenihet w& have indicated . 
Jx&r& the production of two typed of starch 
derivatives containing sulfonic, acid 
groups, i.e. etarch esters and. etaxoh 
ethers. As compared to the starch.' esters, 

40 staroh ethers and raw starch* front which 
they are produced, -the jroducte" 'of "the 
invention are altered" in" tie "following 
respects : 

1. They .have increased water, absorp- 
60 tipn. That is. they may he cooked with, a 
larger quantity of water than the - raw 
staroh or "the untreated starch ester or 
ether to produce a. paste . of a given 
."; viscosity. 

55 1 2, TjLe* cooked suspensions, -.ox- pas tea, 
are olearer and more translucent: . . 

3. The cooked" suspensions, or peatee, 
exhibit a lessened tendency to eat to* a gel 
■ upon 'cooling; 
•60 4. The -gela&nkation temperature- is 
lower; * - s " * - - 



5. The clarity and vieoosity of the 
epofced starch pastes are leas sensitive to 
tne presence of aoidB and salts : that is, 
they do not lose clarity and thiu out in 65 
the prewsnoe of acids and salts to the 
extent that staroh derivatives containing 
Pftly carboxyl groupa would do, 
..^V 1 ?^ *e.*«f«r to treatment with 
bisulphite, vt is understood that we mean TO 
sodium, potassium or ammonium bi- 
sulfite or any other acid salt of sulfurous 
acid. 

The degree of improvement brought 
about by the process of the invention* 7o 
depends upon the following variables : 

h T , he . Proportion of unsaturated 
raditalfl in the et&rch to be treated with 
bisulfite. The greater tie proportion of 
unsaturated radicals present in She starch, SO 
the greater the amount of sulfonic acid 
groups wMchnaay thus be introduced into 
the starch; Excellent results have been 
obtained using starches containing front 
1 unsaturated radical per 140 anhydro- 85 
gluooa* units up to 1 unsaturated radical 
per 16 anhydrogluoose units. In those 
cases where one reacts raw star oh, witn a 
compound containing both a sulfonic acid 
group and a group capable of reacting W 
with the hydroxy! groups in the starch to 
produce starch ethers, roughly the same 
range applies, namely, the introduction 
of from I sulfonic group per 140 
anhydroglucosa unite in the staroh to 1 96 
sulfonic group per 15 anhydrogluooae 
units; 

%. The proportion of hiaulnte used, " 
based on the unsaturated radicals in th* 
staroh. At room temperature, with- abonUOG 
a four hour period of treatment, wo prefer 
to use an amount of bisulfite equal to 
aevcn-fold the stoichiometrical amount 
calculated upon "the weight of the 
unsaturated radical. At higher temper- 105 
atures, say at $0* 0., an equivalent result 
is obtained by using only about four times 
the etoicHomettical amount required by 
thj? weight of the unsaturated radical in 
tshe. Btajeh. On the other hand> far lower HO 
amounts of baulffte can be used but with 
proportionately lesser degree of suK 
stitution. • 

s ; JIiii jrfbd of ireatmenv. *A longeT 
penod of "fceai&ent" permits decreasedllfi 

bi^fiS^ 6 tXi ^° I iecWl ¥ ea ^onnt' of 
4. Temperature. The- tempef ature of 
the reaction effects the other variables." At 
higher temperat^ree-, the other variables 130 
may be decreased.- A* is' common with 
many chemical reactions, the factors of 
the quantity of reagent, temperature and 
period of reaction axe interrelated, i.e.. 
the temperature ia inversely proportional 12& 
to the amount of reagent and the period 
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of reaction is inversely p^portional to 
the temperature and amount of reagent. 
Referring to increased temperature, it 
should be remembered that at tempera^ 
• turefi. above 50* 0. there Trill be the 
problem, in aqueous media, of gelatiniz- 
ation of. the starch, this, however, can he 
Orercoeoae Jby carrying out the reaction in 
a saturated sodmm sulfate solution, as 
10 prevkrualy described. • " 

The lollowa^r "examples "will- further 
fllustrai* the embodiment of the 
mvenfebn. 

16 1Mb example illustrates the treatment 
of a com starch ester' of maifido acid with 
sodium bisulfite. ■ - " 

100 parts of corn starch ester of maleie 
acid (starch. — ft-^-OH^CECQOB;) 

i ... 

20 containing 1 maleie acid ester radical per 
28 aiihydroglueoso units is suspended in 
200 parj« of water in which is dissolved 15 
parts of sodium bisulfite. The mixture is 
stirred for 4 hours at room temperature* 

2b The "starch product is then filtered and 
wash&dl The resultant product has the 
improved properties previously described, 
namely, increased water absorption, 
greater clarity, lessened tendency of the 

30 cooked paste to gel upon, coding, lowered 
gektmfcation temperature, and less 
sensitivity to acids and a alts—all as com* 
pared to the starch ester prior to intro- 
duction of the sulf onic .acid groups. 

.86 / BjjacwA IL 

This example illustrates the treatment 
of a tapioca staroh ester of crotonio acid 
with potassium bisulfite, 
100 parts of tapioca starch ester of 

40 crotonio add. 

(starch ^HM^H^OiM^ 



um&iniiitf 1' orotonio esier xaSieaVper 26 
^nhydjbglucose unite is suspended in 200 
parte of water in which* is. dissolved 8 

45 pacts of potaesium bisulfite. The suspen- 
sion of search ia stirred for threp haute* 
maintainixig the temperature at 60* 0* 
■ Xhe staroh is then filter^ and washed* 
The* ruaidtant product exhibits tha im- 

60 jjroved prop^tiea described in Essrzrplcf 

" This .eatemjle illustrates the treatment 
. of pdtatD'atarcb eater of citraoonio add 
55 q^tambxdum TdEuIfite. 

100 'parts "of potato 'starch- ester of 
oitraoonio acid 



containing 1 ritraconie acid ester radical " 
per 19 hydroglucdse units is suspended in 80 
200 parts of water in whioh is dissolved 
85 parts of ammonium bisulfite. After 
stirring the suspension for 6 houra at 
room temperature, the etarch is filtered 
and washed. The improved properties 86 
described in Example"! are also noted in 
this product. 

Exampek TV, ' 
This example illustrates the treatment 
of a corn starch ether of 1-hydroary 8- TO 
carboxy propene-2,3 with sodium bi- 
sulfite 

100 parts of the corn starch ether 
derivative containing the ether radical of 
-lr-hydrocKy 8 oarboxy propene-2,3 75 
(sTarch. -^3-^ 3 OTJraa~4K)0H) in 
the proportion of 1 . radical per 82 
anhyobcoglucose units is suspended in 200 
grams of water in which is dissolved 20 
grams of sodium bisulfite. The mixture is 80 
stirred for 4 hours at room temperature. 
The starch is then filtered and washed, 
resulting in the improved' product 
previously described. 

This example illustrates the' treatment 
of an unmodified starch wherein the 
unmodified staroh is reacted with a com- 
pound which contains the solf ouic group. 

100 parts of unmodified com starch is 99 „ 
suspended in 200 parts of water in which 
has been dissolved 3<£ parts of oaustio 
soda and 75 parts of sodium sulfate. 
There is then added 5.0 parts of sodium 
benzyl chloride para sulfonate. Tha mix- 05 
tore is stirred and heated at 60" C. fox 
hours. The alkali ia then neutralised with 
acid and the starch is filtered and washed, 
resulting m r the improved" -product 
previously described. 100 

Exajote YX. 
♦ This example, like the previous oiie t 
illustrates the treatment of an unmodified 
staroh. 

." 100 parts of unmodified cord starch is IQS 
suspended in 200 parfe of water in which 
hfea been dissolved 4*5 parts of • sodium 
hydroxide and 75 parts of sodium sulfate, 
There is then- added 5 parte of sodium 
{Moro^ethylo-hethionate 110 

The mixture fa stirred at r^ord tempera- 
ture for 17 hours. The ~alinli is thjm 
neutralized with " acid and the jatarch 
filtered and wasied. Thjfl .product also HB 
exhibits the improved properties previ- 
ously noted. " . t . _ ■ . 

.EmiPLS YII. 

. This example illustrates the .treatment 
of a com starch ester oj maleie" ^edd with 120 
, sodium bisulfite. It differs from Example 
I bx that a starch derivative is used which 



contains a greater proportion of maleic 
.acid ester radical and usee a War pro-, 
porfcmn of bisulfite* .. 
100 part* a corn starch ester, of maleic 
o acid wnUtu^g 1 maleid acid eater radical 
P ft * I* aaaydrogluooB6 unite is suspended 
in 200 parts of water in which is dissolved 
parts of sodium bisulfite and 7& parte 
of sodium sulfate. The inixture is efored 

at l 5 , 0 ^ Btarch » filtered wad 
washed. The .sodium sulfate is used -in 
this example because tac elevated tem- 
perature would otherwise causa geiattciz- 
15 ationof the starch. • ^ 

This example illustrates the. treatment 
% *' stecrcl1 derivative with- bumlfite- 
alcohol .BuBpansioji rather than in an 
20 aoueous meditnn,. 

. 100 parte of tapioca starch eater of 
ltaconie acid 

containing 1 xtaconio eater radical per 26 

25 anhydroghi<x)se unite is suspended in 300 
parts of ethyl alcohol containing dispersed 
;Wei3x five parts of Bodi^bdaufehite. 
^ne mixture is refluxed Jot 4: hours. The 
starch product is then filtered and washed 

30 in the usual manner, exhibiting the 
m if°I 5 P^P^ies Breviously described. 

Mettoda have previously bean proposed 
whereby ungelatinized starches are 
treated in water suspension with alkali 

86 a £r ««ttwt organie acid anhydrides at a 
pH./^xthin the range 7 to. 11. The 
aniptojed properties o£ the starch so 
treated, as compared to the, raw, untreated 
starch, are similar, although to a lesser 

40 to the improved qualities obtained 

in tie present process, In other words, fee 
starch estexs produced by the organic acid 
anhydride treatment exhibit the 
■ properties of increased water aheorpidon; 

4& ter daxity > and stability, as oompaxed 
to the untreated staroh. The starch pro* 
ducts now produced by the present method 
of introducing sulfonic groups into the 
staroh molecule exhibit a further 
improvement in these same qualities of 
water absorption, clarity, and stability, 
a* previously described. 

In the organic arid anhydride treat- 
ment the effect of the organic acid 

55 phy&diea upon the starch properties 
has been attributed to the fact that starch 
ester derivatives mere formed, in which 
one carboxvi group of (he diearboxylie 
acid anhydride, waa eeierified with a 

6Q hydroxyl group of the etarci molecule, 
- whereaa one carbotryl group remained 
uneeterified. This free, or unestedfied^ 
carboxyl group or ita alkali metal salt is 



believed to have a very great affinity for 
water, tun* accounting- f or , .^e fact that 85 
tne starches bq treated absorb greater 
quantities of water when cooked, and 
exhibit greater clarity, as compared to 
the untreated starches. It has also been 
suggested that the erters formed with the 70 
hydroxyl groups in the amyiose, or linear 
fraction of the starch, could be con- 
sidered as taking the form of side groups' 
or branches, thus- preventing the linear 
or amylose molecules from bftcoming 75 
oriented in a closely parallel fashion wiub 
aaoh other and with the linear portions of 
the amylopeetia or branched molecule, 
fraction of* the etarch, and thereby result- 
ing in the prevention of association of 80 
the starch molecules through hydrogen 
bonding between the hydroxyl groups. In 
thas manner the retrogradirfcioa or setting 
of the starch to a gel is prevented. 

WHh reference to the present invention 65 
wherein sulfonic acid groups are intro- 
duced into the starch molecule, it is 
beKeved that the further improved 
propertiea are due to the fact that 
sulfeaic acid groups are, in general, more 90 
aci<toc (that is^ more highly disassociated) 
than carboxyBc acid groups and, in con- 
sequence, have even greater affinity lor • 
water than do the carhoxyl groups, 

The characteristics of high water 05 
absorption/ greater clarity and greater 
resistance to gelling as well as lowered 
gelatinization .temperature point to 
obvious commercial and industrial nses 
for the produot of our invention. It is. of 100 
yalue in adhesive* and also as a thicken- 
mg agent in foods and other . manu- 
factures. Abo of particular significance 
to the food industry is the resistance, of 
the product of the invention to breakio& 
doro u$oa cooHng in the presence of 
acnis or salts.. The manufacture of -food 
preparations such 1 as salad dressings, pie 
u^gs.aad.the,like frequently involves 
cookbig of staroh or starch derivatives in HO 
the presence of acids and/or salts and, 
as stated, the starch of our invention 
ahowa substantially less tendency "to los3 
of vuscosifcy anfl clarity under suon con- 
ditwns, as compared to the corresponding H& 
untreated starches. It ia, of ooursej under- 
stood that before using any particular 
starch derivative in foods, its non- 
Wity must first be investigated and 
fully established. 12Q 

These same improved qualities give tbe 
products of on* invention great value in 
textile and paper f ahrication. In this eon* 
nection, it is noted that the sulfonic acid 
poup increases the affinity of the starch j^d 
toward . ^ cellulose; an important 
characteristic when the product is used 
m w^h-resistant eises and brushes for 
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textiles. Pot the same reason, it is adapt- 
able to the manTrf&oture'of paper beater 
sises because of the increased retention of 
the statoh in the paper fibres. The 
5 characteristic of lowered gelatfnkation 
temperatures is of particular interest in 
the preparation of laundry starches since 
it pennitB the preparation' of starches 
m re< J, m f 111 « loner temperatures for cooking 
w and shorter coofa'ng times. 
What we olaim is:— 
1* The method of forming an nn> » 
^elatiniaed starch derivative having 
improved water absorptive powers and a 
1° lowered ge&tini&atio» point which com- 
prises either reacting a member of the 
group consisting of cMaxomethylo- ' 
isethionic acid and salts thereof, «J^ua- 
saturated oleSne sulfonic acids and Baits 
^° thereof, and benzyl chloride pora-sulfauio 
acid and salts thereof with raw starch in 
the presence of alkali under conditions as 
* herein defined for avoiding gelatinizafckm, 
or reacting, under the said conditions, a 
25 member of the group consistent of sul- 
phuTDusacid and the acid s alta "thereof with 
en .unsaturated starch derivative having 
an etibylenio double bond of the form 
(CAA)^.OAO A — B^^O-B,, in 

30 which B is a member of the group consist- 
ing of —00—, — OCCS*--, — O0Hr~ 



or -mOCH*0— . and in which, if both B» 
and 1^ axe hydrogen, B x must be a ineni- 
a - g** the first group consisting of 
oo formyl, cyano, carboxy, carbalkoxy and 
carballryl radicals ana in whiah, if 
either B, or E, or both are members of 
the second group consisting of formyi, 
oyano,. oarboxy, alkyl, aryl aad eub- 
4U sktuted alkyl and axyl radicals, then B A 
must be hydrogen or a member of the 
second group, 
2. The method of claim 1, wherein raw 



starch ia reacted with sodium uhloro- 
methyk)-isethionate. 45 

3* The method of claim 1, wherein 
raw starch [is reacted, with sodium benzyl 
chloride paraaulfonate. 

'&* The method of claim 1, wherein raw- 
starch is reacted with ethene sulfonic 50 
acid. 

5. The method of claim 1 in which, the 
3taxch derivative is an unsaturated starch 
ester. 

6. The method of olaim 1 in which, the 55 
starch derrratire is an unsaturated starch 
other, 

7* The method of claim 1 wherein the 
unsaturated starch derivative is reacted 
with sodium bisulfite, 60 

8. The method of claim 1 wherein the 
unsaturated^ starch derivative ib reacted 
with potassium bisulfite. 

9. The method of claim 1 wherein the 
unsaturated starch derivative is reacted 66 
with ammonium bisulfite* 

-JL0. The method of claim 1 wherein the 
starch derivative is held in aqueous sus- 
pension during the reaction* 

11. The metood of <naim 1 wherein the 70 
starch derivative is held in &o-agueous 
suspension during the reaction, 

13. The method of claim 1 in which the 
unsaturated starch derivative is reacted 
in a medium of ethvj alcohol, 75 

13. An ungelatimsed starch derivative 
comprising the reaction product * of the 
metnod claims 1—12. 

14- The method of making an an- 
gelatinized statch derivative having SO 
improved absorbent powers and a lowered 
gelatinisatiatt point and the product m 
thereof, substantially as hereinbefore 
described, 
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